**Core tip:** Severe alcoholic hepatitis (AH) has a high mortality, and it is associated with encephalopathy, acute renal failure, sepsis, gastrointestinal bleeding, and endotoxemia. Corticosteroids (CS) have shown efficacy in patients with AH by inhibiting the production of cytokines. On the other hand, the use of a CS is not always appropriate during the initial stage when the patient is complicated with the infection, gastrointestinal bleeding, etc. which can be progressed by CS. For these cases, granulocytapheresis (GCAP) is expected to significantly improve the prognosis of those with severe AH, as the granulocyte and monocyte apheresis device inhibits liver injury caused by activated neutrophils. We presented here the case successfully treated with GCAP without using CS because of severe infectious status.

INTRODUCTION
============

Severe alcoholic hepatitis (AH) has a considerably high mortality, and it is associated with encephalopathy, renal failure, sepsis, gastrointestinal (GI) bleeding, and endotoxemia\[[@B1]\]. In cases with a Maddrey discriminant function (MDF) score ≥ 32, the 28-d mortality is about 34%-40%\[[@B2]-[@B7]\], and in cases with a Glasgow alcoholic hepatitis score (GAHS) ≥ 9, the 28-d mortality is about 60%\[[@B5]\]. The following factors of a poor prognosis have been reported: age; the presence of encephalopathy; an increase in the white blood cell (WBC) count, prothrombin time (PT), and serum bilirubin level; and renal failure\[[@B7]-[@B9]\]. Particularly, an abnormal increase in the WBC count occurred in most deaths due to severe AH\[[@B10]\].

Many randomized control trials (RCTs)\[[@B3],[@B4],[@B11]\] and reviews\[[@B12]\] have reported the efficacy of using corticosteroids (CS) to treat AH; however, no reports have shown that CS also improve long-term outcomes, *e.g*., at 3 mo and 1 year\[[@B7],[@B11],[@B12]\]. Additionally, the use of a CS is associated with a risk of complications, including gastrointestinal bleeding and infection\[[@B7]\]. Therefore, the establishment of additional therapeutic strategies is essential and the efficiency of granulocytapheresis (GCAP) has been reported as a novel treatment option\[[@B6],[@B10],[@B13]-[@B15]\] to date, especially from Japan. Since GCAP is standard treatment for inflammatory bowel diseases (IBD)\[[@B16]\] and has shown the promising therapeutic effect in the patients with CS resistant type of IBDs by reducing the number of WBC and activity of the diseases, it was thought that it may be effective for preventing the progression of severe AH.

To date, 38 cases have been treated (see recent ref.\[[@B14]\]) with leukocytapheresis (LCAP), and the outcome was favorable, with a survival rate of 60.5% (23/38)\[[@B14],[@B17],[@B18]\]. Most cases were treated with multimodality therapy, including a CS (25/38), but the use of a CS is associated with the risk of exacerbating the condition with severe infections.

We describe a patient with severe AH complicated by sepsis who was treated early with GCAP without a CS followed by a literature review.

CASE REPORT
===========

A 50-year-old Japanese man presented at a local hospital with a fever, loss of appetite, and watery diarrhea (more than 10 times per day) in August 2015. He had been a heavy drinker for about 10 years, and he consumed approximately 250 g of alcohol per day in the previous 6 mo. On admission, laboratory data showed a significant increase in the WBC count \[WBC, 17280/μL (neutrophils 82.4%)\], C-reactive protein level (CRP, 3.97 mg/dL), total bilirubin level (T.bil, 8.0 mg/dL), and PT (55%). Enhanced computed tomography (CT) image showed marked hepatomegaly with severe steatosis, splenomegaly, and a diffuse, edematous colon (Figure [1A](#F1){ref-type="fig"} and B). He was diagnosed as having acute AH with infectious enteritis. He was instructed to abstain from alcohol, and we prescribed antibiotics. However, the WBC count and T.bil level continued to increase to 43650/μL (neutrophils 85.7%) and 20.8 mg/dL, respectively, and the PT decreased to 34%. In addition, renal failure progressed markedly, resulting in hyporesis, and the creatinine level increased to 3.26 mg/dL (Figure [1C](#F1){ref-type="fig"}). His condition was deteriorating, thus he was transferred to our hospital for multidisciplinary treatment on the 14^th^ day from disease onset.

![Laboratory data and computed tomography images of cases. A and B: Computed tomography images (A, axial; B, coronal) of the case upon the admission; C: Summary of the laboratory data upon the admission. Time dependent changes of number of white blood cell (D) and interleukin-6 (E).](WJCC-4-369-g001){#F1}

On admission to our hospital, he had a fever, jaundice, anuria, ascites, pretibial edema, marked hepatomegaly, and hepatic encephalopathy with a flapping tremor. Laboratory data showed significantly increased levels of the following parameters: WBC, 54000/μL (neutrophils 85.7%); T-bil, 26.8 mg/dL, aspartate aminotransferase, 99 IU/L, alanine aminotransferase, 48 IU/L; NH3, 92 μg/dL; albumin, 4 g/dL; blood urea nitrogen, 71 mg/dL; creatinine, 3.26 mg/dL; CRP, 6.73 mg/dL; procalcitonin (PCT), 8.53 ng/mL, and PT, 32%. Additionally, the plasma levels of pro-inflammatory cytokines such as interleukin (IL)-6 (116.09 pg/mL) and tumor necrosis factor (TNF)-α (5.4 pg/mL) were significantly increased (Figure [1C](#F1){ref-type="fig"}, D and E). On the basis of the aforementioned findings, a diagnosis of severe AH with multiple organ failure and severe infectious enteritis was made according to the Diagnostic Criteria for Alcoholic Liver Disease established by Takada et al\[[@B1]\]. The MDF score was 66 (≥ 32), and the GAHS was 11 (≥ 9). Results of the fecal culture showed an infection with multidrug resistance bacteria (*Pseudomonas aeruginosa*), which was likely the cause of severe diarrhea. Therefore, considering the severe infection and renal failure, the grade of AH was severe, and the prognosis seemed poor. No other markers of viral hepatitis and autoimmune hepatitis were observed.

Clinical course
---------------

He received intensive care, including plasma exchange (PEX), hemodialysis (HD), the administration of antibiotics, *etc*.; however, there was no improvement of liver failure, and a high WBC count was seen (Figure [2](#F2){ref-type="fig"}). Therefore, we performed GCAP using an Adacolumn device (JIMRO, Takasaki, Japan) on the 14^th^ day of hospitalization. A significant decrease in the WBC count was observed (from 54220/μL to 46450/μL) after the first session, and the T.bil level improved from 26.8 mg/dL to 15.8 mg/dL. Therefore, GCAP was performed three times within 1 wk. The WBC count further improved to 35000/μL within 1 wk after the first GCAP treatment (Figure [2](#F2){ref-type="fig"}). Additionally, the pro-inflammatory cytokines IL-6 and TNF-α improved significantly after the GCAP treatments (Figure [1D](#F1){ref-type="fig"} and E). After antibiotics were administered (meropenem, 1.0 g/d and levofloxacin, 250 mg every second day) (Figure [2](#F2){ref-type="fig"}), the patient's diarrhea, fever, and laboratory parameters improved, and the disappearance of *P. aeruginosa* was confirmed by a culture. Renal failure also gradually improved, and he was transferred from our hospital to the previous hospital for rehabilitation on the 70^th^ hospital day. No steroids were administered during his clinical course.

![Clinical course. CTM: Cefotiam; TAZ/PIPC: Tazobactam/Piperacillin; MEPM: Meropenem Hydrate; LVFX: Levofloxcin; FFP: Fresh frozen plasma.](WJCC-4-369-g002){#F2}

DISCUSSION
==========

AH is a clinical syndrome characterized by a fever, jaundice, and liver failure after chronic alcohol consumption\[[@B2],[@B6]\]. Furthermore, a significant increase in the WBC count and serum levels of endotoxin and pro-inflammatory cytokines (*e.g*., IL-6, IL-8, and TNF-α) is common in cases of severe AH. Abstinence from alcohol, nutrition therapy, *etc*., are initial treatments for severe AH. However, severe AH still has a high mortality, because no effective treatment has been established, although a large number of RCTs and studies have been reported on this disease.

An MDF score \> 32 and/or encephalopathy indicates a very poor prognosis, and the reported 28-d mortality rate ranges from 34%-40%\[[@B2],[@B4]-[@B6],[@B11]\]. The complications of acute renal failure and sepsis are significant poor prognostic factors\[[@B8]\]. In our case, the patient presented with a significantly increased WBC count, jaundice, marked hepatomegaly, and ascites, and liver failure progressed to acute renal failure and infectious enteritis. Considering his MDF score, we predicted that his prognosis would be very poor.

The principal factor for the mechanism of AH is the abnormal activation of intrahepatic Kupffer cells by lipopolysaccharide (LPS)-endotoxemia. The levels of LPS, a component of gram-negative bacteria, increase in the portal and/or systemic circulation in several types of chronic liver diseases. Increased gut permeability and LPS play a role in alcoholic liver disease, as alcohol impairs the gut's epithelial integrity by altering tight junction proteins\[[@B19]\]. Increased LPS activates the toll--like receptor 4 of Kupffer cells, which causes the cascade of pro-inflammatory cytokines and intrahepatic microvasculature. Activated vascular endothelial cells by pro-inflammatory cytokines are expressed as adhesion molecules, and neutrophils infiltrate the liver parenchyma. Some authors have reported that significantly increased circulating myeloid leucocytes were seen in patients with severe AH, both in the peripheral circulation and liver microvasculature\[[@B15],[@B20]\]. Eventually, activated neutrophils impair liver function by some mechanism, *e.g*., by producing elastase, proteases, and reactive oxygen metabolites\[[@B15],[@B21]\]. Thus, it is reasonable to assume that severe AH can be treated by blocking the production of pro-inflammatory cytokines and activated neutrophils.

To date, CS are most commonly used for inhibiting the production of cytokines. The latest RCTs have shown that CS decreased the 28-d mortality rate; however, the levels of evidence vary. The efficacy of CS remains controversial, because the authors of a meta-analysis questioned the existing evidence, as there may be a high risk of bias\[[@B4],[@B22]\]. It was reported that about 40% of patients were non-responders to CS treatment\[[@B23]\]; thus, CS are not always effective in every case of severe AH. Moreover, CS are associated with the risk of causing more severe complications in cases with infection, virus hepatitis, and GI bleeding\[[@B2],[@B6]\], as serious infections have been reported to significantly occur more in patients treated with a CS than in those treated with a placebo\[[@B7]\].

PTX is also considered to be used in AH cases since it is a therapeutic agent that inhibits the production of TNF-α; however, the latest multi-center RCT\[[@B7]\] and review\[[@B12],[@B24]\] found that PTX alone does not significantly improve patients' prognosis. N-acetylcysteine showed a similar effect, but it may be effective when combined with a CS\[[@B12]\].

However, GCAP/LCAP is a novel treatment option for directly removing activated neutrophils, which cause liver injury, and many studies have reported its effectiveness\[[@B13],[@B14],[@B16]-[@B18],[@B25]-[@B34]\]. GCAP/LCAP is the standard treatment for IBD\[[@B16],[@B35],[@B36]\]; an adsorptive carrier-based granulocyte and monocyte apheresis device is used\[[@B37]\]. The clinical efficacy seen following a course of GCAP therapy might be due to the immune modulation as reported\[[@B16]\]. It might involve the mechanism of which the column outflow blood shows a significant level of soluble TNF receptors I and II known to neutralize TNF without invoking TNF-like actions, IL-1 receptor antagonist (IL-1ra) and hepatocyte growth factor (HGF)\[[@B16]\].

In 2012, Horie et al\[[@B6]\] conducted a study at multiple centers in Japan (*n* = 98), and they reported that patients with a WBC count ≥ 104/L who were treated with GCAP had a better prognosis than those not treated with GCAP (*P* = 0.0006). GCAP is effective for clearing the excess neutrophils and stopping the activated neutrophils from entering the circulatory system, so it is reasonable for preventing liver injury.

In our case, severe liver injury progressed, because the WBC count (predominantly neutrophils) increased up to 50000/μL since the disease onset. Additionally, infectious enteritis, which was difficult to treat by antibiotics, was complicated, and the patient had constant diarrhea. Furthermore, due to the renal failure developed in the course of disease, the amount of antibiotics that can be used is strictly limited and, therefore, we had trouble treating the infection as well. A significantly increased PCT level was observed; however, it was not a helpful marker to control the bacterial infection\[[@B38]\], because chronic alcohol consumption results in an increased endotoxin level in patients with severe AH. In summary, the severe infectious condition and the hepatic failure caused by severe AH was center of the etiology and we were concerning about the disease progress in our patient upon the admission to our hospital. Therefore, we decided to try improving the patient's condition by using GCAP to decrease the neutrophil circulation with combined HD and PEX prior to the use of CS at initial point.

To date, there are 38 case reports, including the current case, about treating severe AH with GCAP/LCAP; a significant decrease in the WBC after GCAP/LCAP has not been reported, but the levels of pro-inflammatory cytokines such as IL-6 and IL-8 have decreased in some cases\[[@B14],[@B17],[@B25],[@B27],[@B30]\]. Regarding IBD, GCAP inhibits the production of activated neutrophils and pro-inflammatory cytokines\[[@B37]\]. GCAP may be somewhat effective in inhibiting the production of pro-inflammatory cytokines, because the WBC count and levels of IL-6 and TNF-α decreased after GCAP in our case. A previously reported patient was treated with a CS after GCAP, which made GCAP more effective, as GCAP alone did not decrease the levels of cytokines\[[@B17]\]. Among 38 patients, only seven, excluding those with liver transplantation, survived after treatment with only GCAP\[[@B30],[@B34]\]. Further cases and RCTs are needed to determine the effectiveness of GCAP as a therapeutic strategy.

Conclusions
-----------

A CS significantly inhibits the production of cytokines; however, the risk of infection and gastrointestinal bleeding remain. In addition, in cases with virus hepatitis and CS resistance, the use of a CS is not always appropriate during the initial stage. GCAP is expected to significantly improve the prognosis of those with severe AH, as the granulocyte and monocyte apheresis device inhibits liver injury caused by activated neutrophils. Hence, GCAP alone or combined with CS may be a novel therapeutic option; however, further study is required.

COMMENTS
========

Case characteristics
--------------------

Liver failure caused by severe alcoholic hepatitis (AH).

Clinical diagnosis
------------------

Severe AH.

Differential diagnosis
----------------------

Laboratory data and the diagnostic criteria based diagnosis.

Laboratory diagnosis
--------------------

Acute renal failure, sepsis, gastrointestinal bleeding, and endotoxemia.

Imaging diagnosis
-----------------

Severe hepatomegaly.

Treatment
---------

Granulocytapheresis (GCAP).

Related reports
---------------

Corticosteroids (CS) have shown efficacy in patients with AH by inhibiting the production of cytokines to date.

Term explanation
----------------

GCAP.

Experiences and lessons
-----------------------

The authors presented here the case successfully treated with GCAP without using CS because of severe infectious status.

Peer-review
-----------

The paper reports a potentially interesting and important study. Overall, the paper is clear and well written. The presented data are easy to understand.
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